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(54) Stereoscopic Imaging display system

(57) A stereoscopic display system conprises a

layer of liquid crystal material (1) confined between two

transparent electrodes (2 and 3) one of which is divided

into a plurality of pixels A and B. The electrodes (2 and

3) and liquid crystal material (1) are confined between

two linear polarisers (4 and 5} having polarising axes

normal to one another. Furthermore a patterned half

wave plate (20) is used conprising a region A' having

an optic axis (21) orientated at -22.5° to the polarisation

axis (11) of the polariser (5) and the region B' having an

optic axis (22) orientated at an angle +22.5*' to the

polarisation axis (11). In order to view a stereoscopic

image, viewing spectacles are provided having different

3

4.

polarisi^lg arrangements immediately In front of the

viewer's two eyes, only the arrangement in front of the

viewer*s right eye (14) being shown and comprising a

half wave plate (25) having its optic axis (26) orientated

at -67.5° to the polarisation axis (11) and a polariser

(27) having its polarisation axis (28) orientated at 90"* to

the polarisation axis (11). In use of such a system each

of the viewer's eyes will receive substantially only light

from a respective one of the pixels A and B. arxi a sub-

stantial improvement in achromaticity is possible as

compared with known systems.
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Description

[0001] This invention relates to imaging systems and

is more particularly, but not exclusively, concerned with

stereoscopic display systems of the type comprising a

pixelated display device, such as a liquid crystal display

device for example, and a complementary viewing

device for positioning immediately in front of a viewer's

eyes to enable a stereoscopic image displayed by the

display device to be viewed.
^

[0002] Figure 1 diagrammatically illustrates a known

stereoscopic display system comprising a stereoscopic

display device in association with a complementary,

viewing device in the form of spectacles comprising two

orthogonal poiarisers intended to be disposed so that,

each polariser is positioned immediately in front of a

respective eye of the viewer. The stereoscopic display

device comprises a matrix of pixels half of which emit

light polarised in a first direction and the other half of

which emit light polarised in a second direction orthogo-

nal to the first direction. For example the pixels may be

arranged in columns and rows in the matrix, and alter-

nate pixels or alternate rows or columns of pixels may
be of the two different polarisation types. Thus the two

eyes of the user see different images determined by

switching of the pixels of the two polarisation types, and

in this manner the viewer perceives a three-dimensional

scene. Ideally light pertaining to only one of the different

images should be incident on each eye of the user over

as broad a range of wavelengths as possible if the

three-dimensional image is to be of the best quality

[0003] Referring to Rgure 1, such a known stereo-

scopic display device, may comprise a layer of liquid

crystal material 1 confined between two transparent

electrodes 2 and 3 one of which is shown divided into

two regions A and B denoting two pixels of the device.

Furthermore the electrodes 2 and 3 and liquid crystal

material 1 confined therebetween are disposed

between two linear poiarisers 4 and 5 having polarising

axes whose relative orientation is determined by the

mode of switching of the liquid aystal material in the

device. For example, the polarising axes of the poiaris-

ers are normally aligned perpendicular to one another in

a twisted nematic liquid crystal display (TNLCD) device.

As is well known, the liquid crystal material of the device

acts as a pixelated optical shutter enabling the emission

of light to be controlled on a pixel-by-pixel basis, and

accordingly it is not necessary to describe the switching

operation of such a device in detail.

[0004] In the particular arrangement which is diagram-

matically shown in Figure 1 the polariser 5. which is

positioned in front of the liquid crystal material 1 and

associated electrodes 2. 3» has its polarisation axis 1

1

disposed vertically Furthermore an optical retarder in

the form of a quarter wave plate 6 is positioned in front

of the polariser 5 and comprises two differently pat-

terned regions A' and B' having optic axes 12 and 13

orientated respectively at -45*" and +45*' to the polarisa-

tion axis of the polariser 5. Thus light transmitted by the

pixel A emerges from the region A' of the quarter wave

plate 6 circularly polarised in a right-handed direction,,

as shown by the arrow 7. and light transmitted by the

5 pixel B emerges from the region B' of the'quarter wave
plate 6 circularly polarised in a left-handed direction, as

indicated by the arrow 8.

[0005] In order to view a stereoscopic image, it is nec-

essary to ensure that the viewer's left eye is only aware

10 of light transmitted by pixels of one type, such as the

pixel A, whilst being permanently unaware of the state

of pixels of the other type, such as the pixel B, whereas

the viewer's right eye is only aware of light transmitted

by pixels of the other type, such as the pixel B, whilst

15 being permanently unaware of the state of pixels of the

one type, such as the pixel A. To this end, viewing spec-

tacles with different polarising arrangements are placed

immediately in front of the viewer's ..eyes, only the

an^ngement in front of the viewer's right eye 14 being

20 shown in Rgure 1 for the purposes of illustration.

[0006] In this case the arrangement comprises an

optical retarder in the form of a quarter wave plate 9

having its optic axis 1 5 parallel to the optic axis 1 3 of the

region B' of the quarter wave plate 6, and a polariser 1

0

25 having its polarisation axis 16 orientated at 90" to the

polarisation axis 11 of the polariser 5. Thus the region

B' of the quarter wave plate 6 and the quarter wave

plate 9 haying parallel optic axes 13 and 15 behave as

a half wave^ate with its optic axis orientated at -i-
45** to

30 the polarisation axis 11 and disposed between the

crossed poiarisers 5 and 10, thus allowing the transmis-

sion of light from the pixel B to the viewer's right eye 1 4.

On the other hand, since the region A' of the quarter

wave plate 6 and the quarter wave plate 9 have crossed

35 optic axes and are disposed between the crossed poiar-

isers 5 and 10. light transmitted from the pixel A is can-

celled almost completely at all wavelengths (assuming

the quarter wave plates 6 and 9 are made of the same
material so that they have the same dispersion charac-

40 teristics) so that substantially no light reaches the

viewer's right eye 14 from the pixel A. Such fully achro-

matic behaviour due to summing of the effect of optical

retarders to zero retardation is known, for example, from

US Patent No. 4719507.

45 [0007] Although not specifically shown in Rgure 1 , it

will be appreciated that the converse arrangement

associated with the user's left eye comprises a quarter

wave plate having its optic axis parallel to the optic axis

1 2 of the region A' of the quarter wave plate 6 and a

50 polariser having its polarisation axis at 90'* to the polar-

isation axis 1 1 of the polariser 5. In this case such a

quarter wave plate and the region A' of the quarter wave

plate 6 having parallel optic axes behave as a half wave

plate with its optic axis at -45** between the crossed

55 poiarisers, and thus light transmitted from the pixel A
reaches the viewer's left eye, whereas the crossed optic

axes of the quarter wave plate and the region B' of the

quarter wave plate 6 ensures that substantially no light



3 EP0919 847 A2 4

from the pixel B reaches the viewer's left eye.

[0008] However the two sequential quarter wave

plates which form a half wave retarder (urilike a zero

wave retarder) only act in the required manner at a sin-

gle wavelength., so that their transmission properties s

between crossed polarisers are chromatic, rather than

achromatic. This can be seen from the graph of Figure

2 showing the transmission level as a function of wave-

length for the light received by the viewer's right eye 14

from the region B', after passing through the analysing

polariser 10, and from the region A' of the quarter wave

plate 6. Whilst the light from the region A' is cancelled

substantially completely at all wavelengths, the tight

from the region B*. after passing through the analysing

polariser 10. Is substantially unattenuated at only one

wavelength (about 525 nm) whereas the light at other

wavelengths is attenuated to a lesser or greater extent.

Of course, the light received by the viewer's left eye will

have a similar transmission profile but with A' substi-

tuted for B' and B' substituted for A' in Figure'2.

[0009] Instead of having an achromatic dark state and

a chromatic bright state as in the case of the graph of

Figure 2, rt is possible for the device to be adapted to

have a chromatic dark state and an achromatic bright

state by providing a polariser 10 with a polarisation axis

parallel to the polarisation axis 1 1 of the polariser 5. Fig-

ure 3 is a graph of the transmission profile of the light

received from the regions A' and B' of the quarter wave

plate 6 by the viewer's right eye showing, as expected,

the wavelength dependence of the light received from

the region B'. Again the transmission profile of the light

received by the viewer's left eye is similar with A' substi-^

tuted for B* and B' substituted for A' in Figure 3.

[001 0] Figure 4 shows a graph illustrating the light lev-

els received from the regions A' and B' of the quarter

wave plate 6 by the viewer's right eye, but with polycar-

bonate retarders being used to form a quarter wave

plate 9 in each part of the viewing spectacles. Such

polycarbonate retarders are more conventional, and

thus less costly, for such use. The perfonnance of the

system is not greatly compromised by the use of poly-

carbonate retarders.

[001 1 ] S. Pancharatnam "Achromatic Combinations of

Birefringent Plates^ Proceedings of Indian Academy of

Sciences Vol. XU, na 4, Sec. A. 1955, pp. 130-136 and

pp. 137-144 discuss the use of stacked uniform retarder

films to improve achromaticity. However these papers

are not specifically concerned with stereoscopic imag-

ing systems.

[0012] It is an object of the invention to provide an

imaging system having an improved achromatic band-

width.

[001 3] According to the present invention, there is pro-

vided an imaging system conprlsing a matrix of light

modulating elements comprising first elements for

transmitting a first image component and second ele-

ments for transmitting a second image component,

polarising means having a first polarisation axis for line-

arly polarising light from the first and second elements,

first optical retardation means incorporating at least one

first retarder having first regions having a first optic axis

at a first orientation to the first polarisation axis and sec-

ond regions having a second optic axis at a second ori-

entation to the first polarisation axis, whereby light from

the first elements is polarised by the first regions and

light from the second elements is polarised by the sec-

orxf regions orthogonally to the light polarised by the

first regions, and detecting means having first and sec-

ond detecting parts, each detecting part comprising

respective second optical retardation means incorporat-

ing at least one sedond retarder and analysing means

having a second polarisation axis intended to be dis-

posed at a defined orientation relative to the first polari-

sation axis, at least one secohd retarder of the first

detecting part having an optic axis which is intended to

be disposed substantially perpendicularly to the first

optic axis and transversely to the second optic axis of

said at least one first retarder. and at least one second

retarder of the second detecting part having an optic

axis which is intended to be disposed substantially per-

pendicularly to the second optic axis and transversely to

the first optic axis of said at least one first retarder,

whereby substantially only light relating to the first

image component is transmitted by the first detecting

part and substantially only light relating to the second

image component is transmitted by the second detect-

ing part,

[0014] Such an imaging system is particularly applica-

ble to a stereoscopic imaging system in which the first

and second detectir>g parts are constituted by left eye

and right eye viewing parts of viewing means by means

of which a viewer may view a stereoscopic image.

Because the optic axis of the second retarder of each

viewing part Is disposed substantially perpendicularly to

a respective one of tine first and second optic axes as

well as transversely to the other of the first and second

optic axes, each of the viewer's eyes will receive sub-

stantially only light from a respective one of the first and

second Image components, the light from the other

image component being substantially cancelled. Such a

system is therefore capable of providing a substantial

improvement in achromaticity as compared with a con-

ventional stereoscopic display system utilising similar

materials for tine retarders.

[0015] However it is important to appreciate that the

imaging system of the invention has application in sys-

tems other than stereoscope display systems. For

example the system may be applied to a system in

which each of the two achromatic channels is applied to

a respective detector or viewer for detecting or viewing

tiie first and second image components separately

(rather tiian as two parts of a stereoscopic image). Fur-

ttiermore the system may be applied to a projection sys-

tem in which a stereoscopic image is projected on to a

suitable receiving surface and is viewed by the viewer

through the left eye and right eye viewing parts of the
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viewing means.

[001 6] Preferably the first optical retardation means is

adapted to linearly polarise light from the first elements

in a first direction and to linearly polarise light from the

second elements in a second direction transverse to the

first direction. Alternatively the first optical retardation

means may be adapted to circularly polarise light from

the associated elements. It will be understood that, in

either case, each of the retardation means may com-

prise more than one retarder which sum to produce the

required linear or circular polarisation.

[001 7] It wilt be understood that the required orthogo-

nal relationship between the polarised light from the first

elements and the polarised light from the second ele-

ments can be satisfied whether the light is linearly polar-

ised or circularly polarised.

[001 8] Furthermore the at feast one first retarder may
comprise a half wave plate incorporating first and sec-

ond regions having optic axes which are orientated at

equal but opppsite angles to the first polarisation axis.

For example, the optic axes of the first and second

regions of the haK wave plate way be orientated at

about -22.50 g^^i +22.5*' to the first polarisation

axis.

[001 9] Furthermore the at least one second retarder

may comprise a half wave plate, the two half wave

plates of the first and second detecting parts having

optic axes which are orientated at equal but opposite

angles to the first polarisation axis. For example, the

optic axes of the half wave plates of the first and second

detecting parts may be orientated at about -^7.5"* and

about +67.5'* to the first polarisation axis.

[0020] In a system in which the detecting means is tilt-

abie relative to the first optical retardation means, third

optical retardation means are advantageously provided

for circularly polarising the light from the first and sec-

ond regions of the first optical retardation means, and

respective fourth optical retardation means associated

with each of the detecting parts are provided for linearly

polarising the circularly polarised light from the third

optical retardation means for input into the second opti-

cal retardation means of the detecting part. For exam-

ple, the third optical retardation means may comprise a

quarter wave plate having an optic axis orientated at

about 90° to the first polarisation axis. Also the respec-

tive fourth optical retardation means of each of the

detecting parts may comprise a quarter wave plate hav-

ing a optic axis which is substantially parallel to the first

polarisation axis.

[0021 ] Alternatively the third optical retardation means
may comprise a quarter wave plate incorporating first

regions having an optic axis at a first orientation to "the

first polarisation axis and second regions having an

optic axis at a second orientation to the first polarisation

axis such that light from the first elements is circularly

polarised in one direction and light from the second ele-

ments is circularly polarised in the opposite direction.

[0022] The invention further provides a detection sys-

tem for detecting polarised light polarised by a first

retarder part having a f Irst optic axis at a first orientation

and polarised light, orthogonal to the light polarised by

the first retarder, polarised by a second retarder part

5 having a second optic axis at a second orientation, the

detection system having first and second detecting

parts each of which comprises respective optical retar-

dation means incorporating at least one second

retarder and associated analysing means, at least one

10 second retarder of the first detecting part having an

optic axis which is intended to be disposed substantially

perpendicularly to the first optic axis and transversely to

the second optic axis, and at least one second retarder

of the second detecting part having an optic axis which

15 is intended to be disposed substantially perpendicularly

to the second optic axis and transversely to the first

optic axis, whereby substantially only light relating to a

first image component is transmitted by the first detect-

ing part and substantially only light relating to a second

20 infiage component is transmitted by the second detect-

ing part

[0023] The invention furtiier provides a method of

obtaining a stereoscopic image by combining a matrix

of light modulating elements with detecting means hav-

25 ing first and second detecting parts, wherein the matrix

of light modulating elements comprises first elements

which transmit a first image component and second ele-

ments which transmit a second image conrponent, there

being assopiated with the piatrix polarising means hav-

30 ing a first polarisation axis which linearly polarises light

from the first and second elements, and first optical

retardation means incorporating at least one first

retarder having first regions having a first optic axis at a

first orientation to the first polarisation axis and second

35 regions having a second optic axis at a second orienta-

tion to the first polarisation axis, whereby light from tiie

first elements is polarised by tiie first regions and light

from the second elements is polarised by the second

regions orthogonally to tiie light polarised by the first

40 regions; and each detecting part of the detecting means
comprises respective second optical retardation means
incorporating at feast one second retarder and analys-

ing means having a second polarisation axis at a

defined orientation relative to tiie first polarisation axis,

45 at least one second retarder of the first detecting part

having an optic axis which is substantially perpendicular

to the first optic axis and transverse to tiie second optic

axis of said at least one first retarder, and at least one

second retarder of the second detecting part having an

so optic axis which is substantially perpendicular to tiie

second optic axis and ti-ansverse to the first optic axis of

said at least one first retarder, whereby substantially

only light relating to the first image component is trans-

mitted by the first detecting part and substantially only

55 light relating to tiie second image component is trans-

mitted by the second detecting part.

[0024] In order that the invention may be more fully

understood, several stereoscopic display systems in

4
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accordance with the invention will now be described, by

way of example, with reference to the accompanying

drawings, in which:

Rgure 1 diagrammatically shows a known stereo- s

scopic display system;

Rgures 2, 3 and 4 are graphs of the transmission

level against wavelength of light received by one of

the viewer's eyes in use of the system of Figure 1

;

Figure 5 diagrammatically shows a first stereo-

scopic display system in accordance with the inven-

tion;

Rgures 6 and 7 are graphs of the transmission level

against wavelength of light received by one of the

viewer's eyes in use of the system of Figure 5;

Figures 8 and 9 are graphs similar to the graphs of

Figures 2 and 6 but with the viewer's head tilted

through 20*;

Figure 10 diagrammatically shows a second stere-

oscopic display system in accordance with the

invention;

Figures 1 1. 12 and 13 are graphs of the transmis-

sion level against wavelength in use of the system

of Figure 10;

Figures 14 and 16 diagrammatically show third and

fourth stereoscopic display systems in accordance

with the invention;

Rgures 15 and 17 are graphs of the transmission

level against wavelength in use of the systems of

Rgures 14 and 16 respectively; and

Rgure 18 diagranrvnatically shows the first display

system when used to display a 2D Image.

[0025] In each of the stereoscopic display systems in

accordance with the invention to be described below,

the optical retardation elements are chosen such that

the elements of the display device and the elements of

the viewing spectacles combine to produce a superior

achromatic bandwidth as compared with the bandwidth

obtainable using simple quarter wave plates as in the

system of Rgure 1, using the same birefringement

material for the optical retardation elements in both sys-

tems. It is important to appreciate that such improved

achromaticity is dependent on the same material being

used for the optical retardation elements in the two sys-

tems, since such an Improvement may not be ot>taina-

ble if a much inferior material, that is a highly dispersive

material, is used for the optical retardation elements of

the systems of the invention as compared with the

material used for the quarter wave plates of the system

of Figure 1

.

[0026] In the following description, the optical retarda-

tion elements are chosen to have their stated values at

a wavelength of 525 nm. However it should be noted

that, in practice, the birefringence of such retardation

elements is a function of temperature. Thus, when

selecting materials for such retardation elements, it is

necessary to bear in mind the different typical operating

8

temperatures of the display device and the viewing

spectacles. In the following description it is assumed

that the material of all the retardation elements is the

diacrylate polymer RM257 (obtainable from Merd^ Lim-

ited) except where othenvise stated. Such a polymer

undergoes photopolymerisation so that it can be proc-

essed by photolithography in order to produce pat-

temed retardation elements.

[0027] The first stereoscopic display system in

accordance with tiie invention shown diagrammatically

in Figure 5 conprises a liquid crystal optical shutter

having similar liquid crystal material 1. electrodes 2. 3

and polarisers 4. 5 as shown in Figure 1 , and accord-

ingly the same reference numerals are used in Figure 5

to denote these elements. However, in place of the

quarter wave plate 6 of Figure 1 , a patterned half wave

plate 20 is used connprising a region A' having an optic

axis 21 orientated at •22.5'' to tiie polarisation axis 1 1 of

the polariser 5 and a region B' having an optic axis 22

orientated at an angle +22.5*" to the polarisation axis 1

1

of the polariser 5. Thus light transmitted by the pixel A
emerges from the region A' of the half wave plate 20 lin-

early polarised at -45'' to the polarisation axis 1 1 of the

polariser 5, as shown by the arrow 23, and light ti'ans-

mrtted by tiie pixel B emerges from the region B' of the

half wave plate 20 linearly polarised at +45° to tiie polar-

isation axis 11 of the polariser 5. as indicated by tiie

an'ow 24. Again for the purposes of illustration, only the

viewing^arrangement associated with the user's right

eye 14 is shown in Figure 5. this arrangement compris-

ing a half wave plate 25 having its optic axis 26 orien-

tated at -67.5** to the polarisation axis 1 1 of tiie polariser

5 and a polariser 27 having its polarisation axis 28 ori-

entated at 90° to the polarisation axis 1 1 of tiie polariser

5. Of course, tiie corresponding viewing arrangement

associated witii the viewer's left eye comprises a half

wave plate having its optic axis orientated at +67.5° to

the polarisation axis 1 1 of the polariser 5 and a furtiier

polariser having its polarisation axis orientated at 90® to

the polarisation axis 1 1 of the polariser 5. The optic axis

26 of tiie half wave plate 25 associated witti the viewer's

left eye is tiierefore perpendicular to the optic axis 22 of

tiie region B' of the half wave plate 20 and transverse to

(that is not parallel to) the optic axis 21 of the region A'

of the half wave plate 20. Further the optic axis of tiie

half wave plate associated with tiie viewer's left eye is

perpendicular to tiie optic axis 21 of the region A' and

transverse to the optic axis 22 of the region B'.

[0028] Although not spectficaliy shown in Rgure 5, it

should be appreciated that, in the case of a liquid aystal

display panel for example, the retarder 20 may be posi-

tioned either internally or externally of the subst-ate of

tiie display panel. If positioned internally of the display

panel tiie retarder 20 may be disposed between tiie liq-

uid crystal material 1 and the electo-ode 3 provided tiiat

the poliariser 5 is still positioned internally of the retarder

20. It will also be appreciated that a similar system in

accordance witii the invention may be applied to a star-
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eoscopic projection system in which case the light

emerging from the half wave plate 20 is projected on to

a suitable screen and the resulting stereoscopic image

is viewed through the left eye and right eye viewing

arrangements. In this case the liquid crystal optical 5

shutter nriay be replaced by a slide incorporating the

polarisers 4. 5 and the half wave plate 20 positioned

between the light source and the screen.

[0029] Figure 6 is a graph of the transmission level of

light from the regions A' and B' of the haK wave plate 20 10

reaching the viewer's right eye. Since the light emerging

from the region B' is polarised at -45** and is therefore at

an angle of 1 12.5° to the optic axis 26 of the half wave

plate 25, such light is rotated to an angle of 2X 112.5®

relative to the optic axis 26 so as to be orientated at an is

angle of -(67.5 + 1 12.5) = -ISO"* to the polarisation axis

1 1 of the polariser 5, with the result that such light is

cancelled by the polariser 27 so that substantially no

light from the region B' reaches the viewer's right eye

14. Of course, this can be predicted from the fact that 20

the optic axis 26 of the half rave plate 25 is crossed

with the optic axis 22 of the region B' of the half wave

plate 20. On the other hand light from the region A'

polarised at +45**. is at an angle of 22.5' to the optic axis

26 of the half wave plate 25 so that the light emerges 25

from the half wave plate 25 at - (67.5 + 22.5) « -90** so

that such light passes through the polariser 27 to the

viewer's right eye 1 4. Similarly the half wave plate asso-

* dated with the viewer's left eye has an optic axis orien-

tated at -1-67.5'' and a polariser having its polarisation 30

axis at 90° to the polarisation axis 1 1 of the polariser 5

so that the optic axis of this half wave plate is crossed

with the optic axis 21 of the region A' of the half wave

plate 20 with the result that light from the region A' is

cancelled by the half wave plate and only light from the 35

region B' is received at the viewer's left eye.

[0030] figure 6 shows the transmission level against .

wavelength of the light from the regions A' and 6' of the

half wave plate 20 received by the viewer's right eye 1 4,

and this indicates a substantial inprovement in achro- 40

maticity relative to the transmission profile of Figure 2

obtained in use of the known system of Figure 1. In

other words, the light received at the viewer's eye is sig-

nificantly less dependent on the wavelength of the light,

as indicated by the much flatter transmission profile for 4S

light from the region A' in the wavelength range 450 nm
to 650 nm. It should be noted that. In this case, it is the

light from the region A' which is received at the viewer's

right eye, rather than the light from the region B' as in

Figure 2. As before, the transmission profile of the light so

received at the viewer's left eye will be as shown in Fig-

ure 6 but with B' substituted for A' and A' substituted for

B'.

[0031 ] As with the known system previously described

with reference to Figure 1 , such an arrangement pro- ss

vides an achromatic dark state and a chromatic bright

state. Alternatively the system may be chosen to pro-

vide a chromatic dark state and an achromatic bright

847 A2 10

state by rotating the polariser 27 through 90* so that its

polarisation axis 28 is parallel to the polarisation axis 1

1

of the polariser 5. The transmission profile of such an

alternative arrangement is shown in Figure 7 with, in

this case, light being received at the viewer's right eye

primarily from the region B' of the half wave plate 20,

and light from the regron A' being substantially extin-

guished. Again corrparison of the transmission profile

of Figure 7 with the transmission profile of Figure 3

shows a substantial improvement in achromatlcity.

[0032] However the system of Figure 5 suffers from

one disadvantage with respect to the known system of

Rgure 1 in that, in the case of the known system of Fig-

ure 1. light emerging from the regions A' and B' of the

quarter wave plate 6 is circularly polarised (albeit over a

restricted wavelength range) and this means that the

transmission profiles of Figures 2 and 3 have a certain

insensitlvity to combined rotation of the quarter wave

plate 9 and polariser 10 of the viewing spectacles, that

is to tilting of the viewer's head. However this advantage

is not obtained with the system of Rgure 5 because the

light emerging from the regions A' and B' of the half

wave plate 20 is linearly polarised, rather than circularly

polarised. This is demonstrated by the graphs of Fig-

ures 8 and 9 which show the transmission profile of light

received by the viewer's right eye with the system of Fig-

ure 1 and with the system of Figure 5 respectively when

the viewer's head is tilted through +20° (so that, for

example. iSi^e angle of the optic axis 15 of the quarter

wave plate 9 is 65° and the angle of the polarisation axis

16 of the polariser 10 is 110°). Confiparison of Figure 8

with Figure 2 shows that the transmission profile of the

light received by the viewer's right eye is not greatly

affected by such tilting of the viewer's head, whereas

comparison of Figure 9 with Figure 6 shows a significant

effect caused by such tilting of the viewer's head and

resulting in a significant quantity of light from the region

B' reaching the viewer's right eye.

[0033] In a second stereoscopic display system in

accordance with the invention shown in Figure 1 0, addi-

tional elements are provided both in the display device

and the viewing spectacles, namely a quarter wave

plate 30 in front of the half wave plate 20 having its optic

axis 31 oriented at 90° relative to the polarisation axis

1 1 of the polariser 5. and a further quarter wave plate 32

behind the half wave plate associated with each of the

viewer's eyes having Its optic axis 33 parallel to the

polarisation axis 1 1 of the polariser 5. The effect of the

quarter wave plates 30 and 32 having aossed optic

axes 31 and 33 is to produce circularly polarised light 34

and 35 passing between tiie display device and the

viewing spectacles.

[0034] Figure 1 1 shows the transmission profile of

light received from the region A' of the half wave plate

20 by the viewer's right eye in use of the system of Rg-

ure 10 showing that similar achronnaticity is obtained to

the transmission profile of Figure 6 for the system of

Figure 5. Furthermore Rgure 12 shows the transmis-

6
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sion profile of light received at the viewer's right eye in

use of the system of Figure 10 but with the viewer's

head tilted through +20°. Comparison of Figure 12 with

Figure 9 showing the corresponding transmission pro-

file fa the system of Figure 5 when the viewer's head is.

tilted through the same angle Indicates a considerable

improvement in the insensitivity of the transmission pro-

file to tilting of the viewer's head.

[0035] In producing the chromatidty plot of Figure 1 1

,

the optical retardation elements in the system of Figure

10 were made of birefringent diacrylate polymer RM257
which, because of its ability to undergo photopolynfieri-

sation, can be patterned by photolithography an6 is

therefore particularly suitable as a material for the half

wave plate 20 of Figure 10. However, since the quarter

wave plate 32 and the half wave plate 25 of the viewing

spectacles are unpatterned, it might be preferable for

these elements to be made out of more conventional

and less costly materials utilising stretched retarder

films, in practice these elements might be composed of

polycarbonate.

[0036] Figure 13 shows the transmission profBe of

light received by the viewer's right eye for the system of

Figure 1 0 but with the quarter wave plate 32 and the half

wave plate 25 being made of polycarbonate (but with

the half wave plate 20 and the quarter wave plate 30

being made of the polymer RM257 as before). It will be

noted that there are slight differences between the

transmission profiles of Figures 1 1 and 13. For example

the dark state is no longer absolutely achromatic in the

wavelength region of about 350 nm in Figure 13. How-

ever the system of Figure 10 still provides substantially

Improved achromaticity as compared with the known

system of Figure 1 when the quarter wave plate 32 and

the half wave plate 25 are made from polycarbonate. In

this regard the transmission profile of Figure 13 should

be compared with the transmission profile of Figure 4

showing the light received by the viewer's right eye for

the known system of Figure 1 when the quarter wave

plate 9 is niade from polycartx)nate.

[0037] Figure 14 shows a third stereoscopic display

system in accordance with the invention which utilises

more than one patterned optical retardation element to

further improve the achromaticity of the system. In this

case the display device incorporates three optical retar-

dation elements, namely two half wave plates 40 and 41

and a quarter wave plate 42, having regions A' and B'

whose optic axes are orientated at (i) -6.87* and +6.87*

in the case of the half wave plate 40. (ii) - 34.53* and

+34.53° in the case of the half wave plate 41 , and (iii)
-

100.33* and + 100.33* in the case of the quarter wave

plate 42. As in the system of Figure 1 0, circularly polar-

ised light 43 and 44 passes between the display device

and the viewing spectacles. Furthermore tiie viewing

spectacles include three optical retardation elements for ss

each eye, namely a quarter wave plate 45 having its

optic axis at 190.33*. a half wave plate 46 having its

optic axis at 124.53* and a half wave plate 47 having its

optic axis at 96.87*. as well as a poiariser 48 having its

polarisation axis parallel to the polarisation axis 1 1 of

the poiariser 5. The three retardation elements 45, 46

and 47 combine to form a circular poiariser. The retar-

dation elements associated with the viewer's right eye

14 are shown in Figure 14, and it will be appreciated

that the con-esponding retardation elements associated

with the viewer's left eye will have their optic axes orien-

tated at corresponding negative angles.

[0038] It should be appreciated that the optic axis of

the half wave plate 46 associated with the viewer's right

eye which is orientated at 124.53* is perpendicular to

the optic axis of the region B' of the half wave plate 41

orientated at +34.53* and transverse (that is not paral-

lel) to the optic axis of the region A' of the half wave

plate 41 orientated at -34.53*. Furthermore the optic

axis of the half wave plate 46 associated with the

.

viewer's left eye orientated at -124.53* is perpendicular

to the optic axis of the region A' of the half wave plate 41

and transverse to the optic axis of the region B' of the

half wave plate 41

.

[0039] Figure 15 shows the transnlissfon profile of

light received by the viewer's right eye for the system of

Figure 14. The total effect of the retardation elements

between the pixel A and the viewer's right eye Is to

impart substantially zero retardation so as to provide a

white appearance between parallel pdarisers, whereas

the total effect of the retardation elements between the

pixel B^ the viewer's right eye is to act as a half wave

plate so as to provide a black appearance between par-

allel polarisers, with a much broader bandwidth being

provided as compared with the known system of Figure

1 . As with previously described systems, the dark and

bright states can be interchanged by rotating the poiar-

iser 48 through 90* so that its polarisation axis is

crossed with the polarisation axis 1 1 of the poiariser 5.

[0040] Figure 16 shows a fourth stereoscopic display

system in accordance with the invention having the

same number of retardation elements as the isystem of

Figure 14. However, in the system of Rgure 16, the

retardation elements comprise a 0.322X retarder 50

having an optic axis at -102.5* in the region A' and an

optic axis at +102.5* in the region B\ a half wave plate

51 having an optic axis at -1 72.5* in the region A and an

optic axis at +172.5* in the region B', and a 0.322X.

retarder 52 having an optic axis at -102.5* in the region

A* and an optic axis at +102.5* in the region B'. Further-

more the retardation elements for each eye of the view-

ing spectacles comprise a 0.322X. retarder 53 having an

optic axis at ± 192.5*, a half wave plate 54 having an

optic access at ± 262.5*. and a 0.322X retarder 55 hav-

ing an optic axis at ± 192.5*. The three retardation ele-

ments 50. 51 and 52 combine to form a first quarter

wave retarder having a unique optic axis for each region

A' or B', and the three retardation elements 53, 54 and

55 for each eye combine to form a second quarter wave

retarder having an optic axis perpendicular to one of the

optic axes of the first quarter wave retarder and trans-
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verse to the other optic axis of the first quarter wave

retarder. Rgure 1 7 shows the transmission profile of the

light received by the viewer's right eye for the system of

Figure 16. and it will be appreciated that similar per-

formance is achieved with such a systenri as with the s

system of Figure 14.

[0041] In a development of the invention the liquid

crystal display panel is controllable between two modes,

that is a stereoscopic image display mode and a con-

ventional 2D (non-stereoscopic) image display mode. io

and a useroperable switch is provided to enable the

user to switch the system between these two modes. In

the conventional 2D image display mode, the liquid

crystal display panel is driven by conventional 2D data

signals such as are used to display 2D images in known 75

2D display systems. Since the human eye is insensitive

to the polarisation state of the light, the viewer can 2.

observe the 2D image simply by removing the viewing

device (comprising the components 25 and 27 in Figure

5) from before the eyes. This is illustrated in Rgure 18 20

which shows the components 25 and 27 removed in the

embodiment of Rgure 5. In this case the viewer

becomes substantially unaware of the patterned

retarder 20 because the retarder 20 substantially only 3.

affects the polarisation state of the light. Thus, provided zs

that the appropriate 2D image data is supplied to the

pixels of the display panel in place of the 3D image data

othenvise supplied, the panel can operate as a conven-

tional 2D display panel which is viewed by the user with-

out the aid of the viewing device. 30

4.

Claims

.
1 . An imaging system conprising a matrix (1 , 2, 3) of

light modulating elements comprising first elements 3S

(A) for transmitting a first image component and 5.

second elements (B) for transmitting a second

image component, polarising means (5) having a

first polarisation axis (11) for linearly polarising light

from the first and second elements, first optical 40

retardation means incorporating at least one first

retarder (20; 41 ; 51) having first regions (A*) having

a first optic axis (21 ) at a first orientation to the first 6.

polarisation axis (1 1) and second regions (B*) hav-

ing a second optic axis (22) at a second orientation 4s

to the first polarisation axis (11), whereby light from

the first elements (A) is polarised by the first regions
*

(A*) and light from the second elements (B) is polar- 7.

ised by the second regions (B') orthogonally to the

light polarised by the first regions, and detecting so

means having first and second detecting parts,

.

each detecting part comprising respective second

optical retardation means incorporating at least one

second retarder (25; 46; 54) and analysing means

(27; 48) having a second polarisation axis (28) 55

intended to be disposed at a defined orientation rel-

ative to the first polarisation axis (11). at least one

second retarder (25; 46; 54) of the first detecting

part having an optic axis (26) which is Intended to

be disposed substantially perpendicularly to the

first optic axis (21) and transversely to the second

optic axis (22) of said at least one first retarder (20;

41; 51), and at least one second retarder (25; 46;

54) of the second detecting part having an optic

axis (26) which is intended to be disposed substan-

tially perpendicularly to the second optic axis (22)

and transversely to the first optic axis (21 ) of said at

least one first retarder (20; 41; 51), whereby sub-

stantially only light relating to the first image compo-

nent is transmitted by the first detecting part and

substantially only light relating to tiie second image

component is transmitted by the second detecting

part.

A system according to claim 1, wherein the first

optical retardation means (20; 41 ; 51) is adapted to

linearly polarise light from the first elements (A) in a

first direction and to linearly polarise light from tiie

second element (B) in a second direction trans-

verse to the first direction.

A system according to claim 1 or 2, wherein said at

least one first retarder (20; 41 ; 51) comprises a half

wave plate incorporating first and second regions

(A*. B) having optic axes (21, 22) which are orien-

tated at equal but opposite angles to tiie first polar-

isation^is (1 1).

A system according to claim 3, wherein the optic

axes (21 , 22) of tiie first and second regions (A', B')

of the half wave plate are orientated at about -22.5''

and about -1-22.5° to the first polarisation axis (1 1).

A system according to daim 1, 2, 3 or 4. wherein

said at least one second retarder (25; 46; 54) com-

prises a half wave plate, the two half wave plates of

the first and second detecting parts having optic

axes (26) which are orientated at equal but oppo-

site angles to tiie first polarisation axis (11).

A system according to claim 5, wherein tiie optic

axes (26) of the half wave plates of the first and sec-

ond detecting parts are orientated at about *67.5''

and about +67.5*' to tiie first polarisation axis (11).

A system according to any preceding claim. In

which the detecting means Is tittable relative to the

first optical retardation means (20; 41; 51), further

comprising third optical retardation means (30; 42;

52) for circularly polarising the light from the first

and second regions of the first optical retardation

means (20; 41; 51) and respective fourtti optical

retardation means (32; 45; 53) associated witii

each of the detecting parts for lineariy polarising tiie

circularly polarised light from the third optical retar-

dation means (30; 42; 52) for Inputting to the sec-

8
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ond optical retardation means (25; 46; 54) of the

detecting part.

8. A system according to daim 7, wherein the third

optical retardation mieans (30; 42; 52} comprises a s

quarter wave plate having an optic axis (31) orien-

tated at about 90'' to the first polarisation axis (11).

17 A2 16

15. A system according to daim 13 or 14, wherein

switchable control means are provided for control-

ling the light modulating elements to transmit said

first and second image components in a stereo-

scopic imaging mode and a 2D image which is

viewable without the detecting means in a non-ster-

eoscopic image mode.

9. A system according to daim 7 or 8, wherein the

respective fourth optical retardation means (32; 45; io

53) of each of the detecting parts comprises a quar-

ter wave plate having an optic axis (33) which is

substantially parallel to the first polarisation axis

(11).

IS

10. A system according to daim 7, wherein the third

optical retardation means comprises a quarter

wave plate (42) incorporating first regions (A") hav-

ing an optic axis at a first orientation to the first

polarisation axis (1 1) and second regions (B*) hav- 20

ing an optic axis at a second orientation to the first

polarisation axis (11) such that light from the first

elements (A) is circularly polarised in one direction

and light from the second elements (B) is circularly

polarised in the opposite direction. 2s

11. A system according to any preceding claim,

wherein the first optical retardation means includes

two half wave plates (40, 41) disposed in series and

each incorporating first and second regions (A\ B*) 30

having optic axes which are orientated at equal but

opposite angles to the first polarisation axis (1 1)

.

12. A system according to any preceding daim,

wherein the second optical retardation means 35

includes two half wave plates (46, 47) disposed in

series and each incorporating first and second

regions having optic axes which are orientated at

equal but opposite angles to the first polarisation

axis (11). 40

13. A system according to any preceding claim, being a

stereoscopic imaging system, wherein the first and

second detecting parts of the detecting means are

constituted by left eye and right eye viewing parts 45

by means of which a viewer may view a stereo-

scopic image by observing tiie first and second

image components with the left and right eyes

simultaneously.

so

14. A system according to claim 13, wherein the matrix

(1, 2, 3) of modulating elements, the polarising

means (5) and the first optical retardation means

(20; 41; 51) constitute a display device, and the

detecting means constitute spectades to be worn ss

by tiie viewer with the right eye and left eye viewing

parts in front of the viewer*s right and left eyes.

16. A detection system for detecting polarised light (23,

34, 43) polarised by a first retarder part having a

first optic axis (21) at a first orientation and polar-

ised light (24, 35, 44), orthogonal to the light polar-

ised by tiie first retarder, polarised by a second

retarder part having a second optic axis (22) at a

second orientation, the detection system having

first and second detecting parts each of which com-

prises respective optical retardation means incor-

porating at least one second retarder (25; 46; 54)

and associated analysing means (27; 48), at least

one second retarder (25; 46; 54) of the first detect-

ing part having an optic axis (26) which is intended

to be disposed substantially perpendicutariy to tiie

first optic axis (21) and ti'ansversely to the second

optic axis (22). and at least one second retarder

(25; 46; 54) of tiie second detecting part having an

optic axis (26) which is intended to be disposed

substantially perpendicularly to the second optic

axis (22) and transversely to tiie first optic axis (21 ),

wh^eby substantially only light relating to a first

image component is transmitted by the first detect-

ing part and substantially only light relating to a sec-

ond image component is transmitted by the second

detecting part.

17. A system according to claim 16, wherein said at

least one second retarder (25; 46; 54) comprises a

half wave plate, the two half wave plates of the first

and second detecting parts having optic axes (26)

which are orientated at equal but opposite angles to

a reference axis (11).

18. A system according to claim 16. wherein the optic

axes (26) of the half wave plates of tiie first and sec-

ond detecting parts are orientated at about - 67.5''

and about + 67.5'' to the reference axis (11).

19. A method of obtaining a stereoscopic image by

combirvng a matrix (1. 2, 3) of light modulating ele-

ments with detecting means having first and sec-

ond detecting parts, wherein the matrix (1 , 2, 3) of

light modulating elements comprises first elements

(A) which transmit a first image component and

second elements (B) which transmit a second

image component, there being assodated with tiie

matrix polarising means (5) having a first polarisa-

tion axis (1 1) which lineariy polarises light from tiie

first and second elements, and first optical retarda-

tion means incorporating at least one first retarder

30

9



17 EP0919847 A2

(20; 41; 51) having first regions (A*) having a first

optic axis (21) at a first orientation to the first polar-

isation axis (11) and second regions (B") having a

second optic axis (22) at a second orientation to the

first polarisation axis (11). whereby light from the 5

first elements (A) is polarised by the first regions(A*)

and light from the second elements (B) is polarised

by the second regions (B') orthogonally to the light

polarised by the first regions; and each detecting

part of the detecting means comprises respective w
second optical retardation means incorporating at

least one second retarder (25; 46; 54) and analys-

ing means (27; 48) having a second polarisation

axis (28) at a defined orientation relative to the first

polarisation axis (1 1 ) . at least one second retarder is

(25; 46; 54) of the first detecting part having an

optic cixis (26) which is substantially perpendicular

to the first optic axis (2 1 ) and transverse to the sec-

ond optic axis (22) of said at least one first retarder

(20; 41 ; 51), and at least one second retarder (25; 20

46; 54) of the second detecting part having an optic

axis (26) which is substantially perpendicular to the

second optic axis (22) and transverse to the first

optic axis (21) of said at least one first retarder (20;

41 ; 51), whereby substantially only light relating to 25

the first image component is transmitted by the first
.

detecting part and substantially only light relating to

the second image component is transmitted by the

second detecting part.

45

55
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